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Quarterly Progress Report October - December 1960
Research Program on Conversion of Explosive Energy

Contract DA=28-017-501-0RD~3450
DL Project LB-2221

SCOPE OF WORK

The work during the past quarter has been directed toward two main
objectives, viz. compression of a magnetic field by a detoration and clari-
fication of the importance of various secondary effects in the electrigal
conductivity measurements. In addition, some design work was performed
relating to the 20,000 joule capacitor bank and the design of a large
vacuum system in which to carry cut firings.,

The magnetic field compression experiments continued using the
interim 1000 joule bank described earlier. The circuit parameters of this
system were investigated in some detail in order to calculate tlie magnetic
field in the load prior to its explosive compression. The signals induced
in the picke~up loop during the firing were then analyzed in terws of a
simple model picturing a constant total flux trapped in an area that is
decreasing due to the expansion of the copper-clad explosive. A prelimi-
nary calculation of the leakage of the magnetic field into the conductors
indicates that this effect is present though not a dominant feature of
the experiment., Timing difficulties have still prevented crowbarring the
bark at a current maximum despite several attempts to improve the timing
accuracy. One of these attempts, involving a slower, high induciance,
multi-turn coil, was unsuccessful Jdue W mechanical failurs of the coil.
The most sveccessful compression observed so far has been from an initial
field of L700 gauss to a final field of 33,500 gauss, or by a factor of
8.2. FEfforts to obtain higher magnetic fields by redesigning the load coil
and explosive "piston" and by working toward a highar initial magnétic field
are contimuing. The capacitors for the 20,000 joule bank ordered at the end
of the last quarter were received at the end of the quarter reported on

here. Most design work during the interim was suspended pending arrival of
these units.

Tie conductivity work lras been directed toward removing possible
secondary effects ir. the ccndictivity meas.rements. These include the cone

finement of tlLe detonaticn a.il consequent changes in the reaction zone



due to the structure supporting the double prooes and the T-probes, the
effect of the T-probe plate ti.ickness, the difference between internal and
surface conductivity measurements, and air-shock induced conductivity. Alsc,
a faster sweep was employcd in order to be zble to examine the leading cdge
structure and the first half microsecond of the conductivity signal. On the
basis of these firings, a revised set of mzacured conductivity values are
»gported that show better agreement with those of other investigators.

Final values cannot be definitely established until all of the probe cali-
bration data are reduced., Ceneral studies relating.to the conductivity
probe calibration have continued also. A swummary of the double probe cali-

bration procedure is atlached as an gppendix.

The final design of the large vacuum system was completed and con-

structicn proceeded during this quarter,

]



KESULTS OF WORK

A. Pirings Conducted

During tle past yuarter, twenty eight firings have been conducted.
These are listed i Table I. Four have been related to the magnetic field
compression experiment while the remaining twenty four have involved elec-
.trical conductivity measurements.

B. Magnetic Field Work

The discrepancy between previous measnrements of the bank and load
inductances has been resolved. Ringing frequency measurements with and
without the field coil yielded the following values for inductance and
resistance:

LI ] s 102.5 < 3.5 muh,
- (v : 7
Lsysuem 175.5 9.2 muh,
+
- - ‘ .~ -
B.bank 0031‘2 0003.& Ja = RSYSwm
Hence Lgyy =73 9.6 muh.

Tn the Quarterly Progress Report of Oct. - Jec. 1959, it was tl.ec=
retically shown, for field ccils of the present georetry, that tle field

in the center of the coil is given by the exprecsion

b 9

B . 188 x 10771,
where 1 is the instantanecus current flowirg 1 the fieid ¢nil, Sirce

P 1is proportional to voltape in the air ra;,

B(r) = “; 83 v(r) .

In the quarterly (rogress reportv of April - June 1900, the radial depend-
ence «f the z-component of the magnetic field is shown. in particular,

V(C) = 2.30 mv, iience

-7
, 188 x 107 '1
B(r) —TT* v(r) R

where U(r) im ir mv axd P(r) 4s in gauss. ‘liow
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facoil'n coil* ~ J Bedk

air gap
2T r r
\ e e
-\ | B(r)rdrd0-27uj B(r) r dr
«10/0 /o

7 To

.~ 188 x 1071 |
- 2 -—-——-————-——3.30 l‘ V(r) I'd.r,

/o

whe:re T, is the radius of the air gap. .lence

r

L2 288 x 307 (O o
v
f

Loot1 7,30
(o]

By carrying out the indicated integration graphically, it is found that

in reasonably good agreement with the experimentally determined value.

Pour more firings, los. 93-96, were completed in this quarter.
In these firings a small notch was made in the upper part ¢f the air gap
of the field coll, in order tn further protect the pickup coil from the
explosive products and thus prolong its life. Also eight turns of aluminum
foil were wrapped tightly around the copper-lined charge so tha*. the expand-
ing metallic surface would remain a closed conducting path for a longer
period of time. Timing difficulties resulted in firings 93 and 9, crow=-
barring 9 44 secs late and firing 96 crowbarring 1.5 4 secs late., The
oscilloscope trace of the pickup coll voltage as a function of time for
firing Yo. 96 1s shown in Fig. 1. The voltage is directly proportional to
the magnetic field. Crowbarring was planned to occur at point A, the maxi-
mum uncompressed field, but timing errors resulted in crowbairring at point
B, close to the minimum field. The magnetic field was then compressed to
point C, and it 1s beliewved inat the coll broke up at point D. If crow-
barring had occurred at point A (19,500 gauss), the compression ratin of
8.2 would have resulted in a final field of 160,300 gaus: instead of
38,500 gauss. The results of these firings are shown in Table II,



Figure 1

Oscilloscope trace showing the magnetic field asa
function of time during a flux compression. The
horizontal time scale is Smsec/cm (Firing No. 96)



s

Table II

Sumary of Magnetic Field Compression Pirings

Firing No. Bcrowbar(g.u“) Bﬁml(gauss) Comprassion itatio
93 6,160 23,160 3.6
9L 3,260 3,994 1.2
95 streak camera coverage only
96 - k,700 38,500 8.2

where the compressicn matio is Bfinal/ Bcrowba-r.‘

In firing No. 95, the streak camera results yielded information on
the position and velocity of the copper éheath lining the charge-as a
function of time. Using this information, theoretical values for the
magnetic field can be found, both considering and neglecting magnetic field
penetration into the conductors. It is of interest to compare these calcu=-

lations with the experimental values,

f no magretie flux penetrates the conductors,

‘1 - ¢crowbar (l)

B(t) = Constant ;A-(lg e

where P o er 18 the magnetic flux at crowbar (t = 0) and A(t) is

the time-dependent area of the air gap. is caslly found *o he

-3 pcrowbar
1.35 x 10 °w, yielding B(0) = 5,870 gauss. To compare with experimental
values, for which B(C) = },,700 gauss, the theoretical values are normal-

ized sc that they agree with the experimental valucs at t = O,

Assuming magnetic flux penetration into the conductors, Haxwell's
equaticns can be shown to yleld the following relazion if the displacement
current is nepligible

t ‘ T,é - - = -
it - T (v x B)edl

vhere the first integral extends across the air gap, and the second inte-
gral is made around the conducting surface. Then d¢(t¥it can be mneric-

ally integrated to oblain ¢crowbar - §(t) . Then B(t) is given by

N O : .
B(t) Alt Alt) ¢crrv.\vh.au" (p(t)‘pcmwbar\ * (2)



MAGNETIC FIELD (gQauss}

3%10

O THEORETICAL N+ LOSS VALUES

L THEORET CAL L9S WAL BN

X EXCERIMENTAL UATA

i L ] 1 1
(o] ' 2 3 4 s 6
TIME (u SET
Figure 2

Magnetic field compression vs, time



Figure 2 shows the experimental and theoretical values for B(t) . The
upper curve, marked by circles, represents the magnetic field as a function
of time assuming that no flux penetrates the conductors (eqe 1). The lower
curve, marked by squares, shows the magnetic field as a function of time
calculated from eq. (2) assuming flux leakage Into the conductors. It is
based on measured values for < Bgand A(t). The experimental values
obtained from the pick-up loop are shown by x's. These points generally
lie between the two thegretical curves; it is beliewed that the discrepancy
between the experimental points and the theoretical loss points is due to
the uncertainties involved in calculating the above two integrals.

C. Conductivity Measurement

Firings 22-c¢ through L5=-c utilized surface double probes, internal
double probes, and T probes for conductivity measurements in Composition B

and Pentolite under varying experimental conditions. Table III summarizes
the results of these firings,

The double probes are calibrated with a fixed input voltage of
0.1 volt, for varying salt solution depths and & single input pulse in a
manner similar to that described in the July = Sept. 1960 Quarterly Progress
Report. The choice of an input voltage of 0.1 volt for calibration purposes
is based on the observed saturation of probe resistance with input voltage,
as shown in Fig. 2 of the above report.

To provide a check on the validity of the single pulse calibration
technique, a T probe, in a salt solution of known dimensions, was cali-
brated in a similar fashion to a double probe. The T prube resistance,
calcuiated from the geometry and NaCl solution conductivity is L0.O olms.
The resistance, as determined from the data of the pulse calibration ia
37.9 ohms; this value corresponds to an extrapolated resistance for zero
input pulse duration. This gives one confidence in the essential correct-
ness of the single pulse calibration technique. It provides no information,
however, on the correctness of using an electrolytic solution to c:librate
a probe to be used 1o measure the electrical resistance of a detonation.
This will be the subjJect of further investigation.

Pigure 3(a) shows an assenbly for measuring surface resistance; the
probe is located on top of a rectangular charge and is eld in place by
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Figure 3(a)

Surface-mounted double probe

Figure 3(b)

Internally-mounted double probe



mounting it in a polyethylens block. The oscillos:cope trigper probes are
positioned between the explosive and the detonator which is located at the
right. The wooden frame and plastic bag provide for carrying out the neasure-
ment in a propane atmosphere. To reduce explosive confinement due to the
polyethylene block supporting the double probe in laler firings some of the
polyethylene material was removed in the vicinity of the probe tip. The
probe support then resembles a table, the legs of which mounp on the surface
of the explosive block. The probe is supported by pressing the conical hase
against the polyethylene "table top".

A typical oscilloscope record in Mige UL(z) illustrates the rapid
onset of conduction as the detonation front reaches the probes. Oince the
physical condition of the probe is uncertain at latcer times, only the probe
resistancé corresponding to the initial pecak was computed. DBoth traces are
for the same event, but for different sweep rates. The upper lrace shows
a 20musec time bistory of the detonation while the lower trace shews a

2 psec interval that includes the leading edge of the signal.

Figure 3(b) slows an assembly used for internal resistance meas.iro-
ments. A double vrobe can be seen extending fror: the exposed facu of the
explosivc. scilloscope trigger probes are showm , lucd Lo the surface.
The detonator is located helind the 1‘ear‘sup,z-or‘;.. i"i;ure Lib) shows a
typicel oscilloscope recérd. Comparing this with Pig. L(a) we sece that
they both show & peak conduction at 5 shakes hut that the later ture
history of the event differs. Our interpretation is that ihis )eak repre=-
sents reaction zore conduction while the remainder of the trace r«fers to

cond'iction by reaction products,

I probe assemblies with varying copper ;plate tiicknesses have also
been fired. In order to minimize confinement, much of the | olycthylene
support holding the thin coprer plate has been —ul away witl just enouh
left to insulate the sides of the copper plate and maintain its rigidity
when pressed against e exnrlosive block. Such a mountin~ is shown in
Mee Y The dependence of the probe resistance cn nrebe “hickness is

shown in Tige Ce

The reaction zone length at the surface of the exp.losive can be
estimated by observing lhe variation of measured explcsive recistance
with T probe thickness. For large probe thickpe-ser the oonductiion patn

is determined by the widih of the reaction zoue, whercus for a suall probe
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T PROBE RESISTANCE, R (ohms)

Figure 5

T probe mounted on surface of charge
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thickness the conducticn patl depends strongly upen probe thickness.
‘he transition between 0,13 and 0.38mm is believed to be indicative of

the reaction zone length in Comp B.

Comparison of the explosive resistivity values that have been

obtained under various experimental conditions is shown below in Table iV,

Two contaminating factors are inherent in surface measurements, air-shock

induced conductivity and confinement of the detonation. The variations

due to confinement are outstanding, 0,66 vs 0.39 ochmecm for the unconfined

case, whereas attempts to inhibit air shock contributions by using a pro-
pane atmosphere yielded no significant dif ference, 0.66 vs 0.63 ohm-cm.
Internal measurements, free of air shock and confinement effects, are
indicative of the extent to which shockeinduced conduction can modify
surface results, comparing the values C.39 with 0,92 ohm-cm. .

Table IV

Comparison of xplosive nesistivity "'nder Various (onditions

Resistivity Probe
Fxplosive (ohmcm) location Atmosphere Confinement
Corp B 0.66 surface air confined
0463 surface propane confined
0.39° surface propane onconfined
3.92 internal A unconfined
tentolite 0.99 . surface propane unconfiiad
Nomp B Oli7 surface propane ung¢enfined
+ 17 CsC10 :
L
Comp B 0.83 surface propane unconfined
+ 14 KNO

3

The adfition of an eagily-ionized iivterial hac not a;;arently
increaced tle cond:ctivity. Preliminary measurements with 1 f'sCloh and
KI‘D3 fave been made and firings with higher concentrations are underway.
The resistivity values observed for Pentolite are roughly twice tlose for

Comp K.

- 12 -



Both the magnitude of the resistivity and difference between Comp B
and Pentolite are substantially in agreement with similar measurements of
other investigators as shown below in Table V. Comparison of surface
resistivities with results from BRL show a close ‘oorrespondence. The
factor of 2.5 discrepancy for internal resistivity values with University
of Utah results is believed to be attributable to calibration uncertaine
ties in the latter measurements.

Table V

Comparison of reasured Fxplosive liesistivity (ohm cm)

surface - BRELY  Stevens Utah® 1ASL’ Sovietl
Comp b 0429 0439 -_— - Ce2
Pentolite 0,89 0,99 - - —
internal

2 Y €
Comp & - 0,92 2.56  0-batns s --

Oo‘)S(‘) at 0.08/‘ 3

- 13 -



WORK PLANNED FOR NEXT QUARTER

During the next quarter the design and most of the construction of
the large capacitor bank is expected to be completed. This will include
the connection of the line to the capacitor, the transmission line, and
the spark gap switch, as well as the overall structure.

The conductivity work will be largely directed toward analyzing the
present results. In pa.f'ticular the circuit rise time will be examined and
the effect of cable delay will be determined. This is important since the
present minimum resistivity values are based on an initial current maximum,

the height of which may be critically dependent on the circuit parameters.

In an attempt to increase explosive conductivities work with seeded
explosives will continue. Composition B charges with 10% CsQth and KNO
are being fabricated. A small gquantity of Csl has been obtained and

similar seeding concentrations in Composition B will be started as soon as

3

compatability tests are completed.

To improve the magnetic field compressional efficiency, a tear drop

coil has been designed. Plastic standoffs have been placed so that crow-

barring will occur very soon after detonation, thus minimizing the amount
. of flux escaping before the crowbar time. The size of the air gap has been
decreased so that the copper sheath does not expand beyond 75% of its initial
radius before the gap is closed. This is done to lessen the possibility of
the copper surface rupturing before the gap is closed. The coil also has
a sliprktly higher inductance to lessen timing errors. in order to further
impreve the compression ratio, ways of optimizing the pickup coll position
and decreasing its overall azize are being studied. This effectively increases
the ratio of initial crowbarred area of the air gap to the area of the pickup
coil. “or the lear«drop design and the present pickﬁp coils, this ratic is
‘about. 10/1. .

-1 -
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APPENDIX

Double Probe Calibration Technigus

When probe geometry and configuration result in a complicated
current density distribution, calibration of the probe is necessary to
establish the numericai relation between measured resistance and resistive
i%y. For a pair of electrodes immermed in & medium of resistivity o,
one has

p = const. x I (1)

where R is the measured resistance corresponding o p. Thus, in cali-
brating a particular probe, one is concerned with obtaining tle numerical
value of the constant factor for that probe. If the probe resistance for a

meteriel of known resistivity is measured then:

P
_R_c = congli.
c .
and hence
o}
[
p=gR
c

where p_ is the known resistivity and R, is the measured resistance

corresponding to Pe e

A double probe, consisting of two adjacent lengths of wire separated
and surrounded by an iunsulator, with exposcd mectallie tips, must Le cali-
brated in order to campute cxplosive resistivity from the observed probe
resistance during detonation. The exposed probe tip is immersec into a
solution of NaCl of known conductivity and the probe resistance is neasured
under various operating conditions., The ratic pc/Rc is determined from

these measurements,

Due to electmwolytic action in the daCl solution and the reneration
of gas bubbles that adhere Lo the probe surface thus drastically changing
the current density distribulion across thre surface and the probe resist-
ance, a mcthod of resistance meas'wrement that minimizes this source of
error must be employed. Use of a DC technique is ruled out due to the

constant rate of gas production and excessively large resistance valucs



observed., Usc of an AC method reduces somewhat the amount of gas forma-
tion about the electrodes and simultancously the measured resistance but
since the probe impedance is now frequency-dependent, ore must use a very
high frequency driving source or extrapolate low frequency results to
infinite freguency. A third technique is to use a puleed electrical driv-
ing sowrese, whose pulse duration is a.djustcd so that ras bubble corruption
of the measured probe resistance is substantially reduced. An extension of
this method is Lo use a single. pulse generator, thus reducing buildup of

gas bubbles due to repetitive electrical pulsing of the probes.

Degciription of Calibration Apparatus and ’rocedure

The double probe to be calibrated is connected in series with a
decade resistance box t© a single pulse generztor, as shown in Fig. 7.
A dual beam oscilloscope displays the output voltage of the generator and
the voltape across the probe simultaneously. The oscilloscope sweep is
initiated by means of a trigger pulse from the single pulre ;jenerator that
precedes in time the single pulse applied to the probes. The time duration
and amplitude of the single pulse to the probes are variable parameters.

Prior to calibration a probe is inspected for breaks and cracks in
the ceramic insulator; the exposed tips are lightly scraped with fine emery
paper to remove arny wwanted polycster material and to have the wire tips
and ceramic edge flush. An olmmetar is then used to check that the probe
is not shorted before being placed into a conducting solution. A large
current, (obtained by setting the pulse generator controls to a maximum
voltai;z output and a maximum repevitive duty cycle), is then passed through
the probes izmersced in a conductiny solution until bubble formation is
observed. The probe leads are then reversed and the procedure repeated.
This step is intended tc leave the probe tips eleciricall;” rlean.

The probe is then placed into & bath of a freshly prepared, filtered,
JaCl solution with only the rrobe tip bein; weited Ly the salt, sclubion;
the bath shape confoming to the yeometry of the explosive chlarge. The
depth of the salt sclution in the bath is vairied during the calibraiion,
to detect effects of soluticn depth upon calibration. To minimize bubble
lormation, even with a single pulse calibration scheme, a voltage about
vhich the probe resistance shows little variation is chosen. Since the

csalt scluiion conductivity is temperature dependent, the solution temperature
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is recorded through the calibration procednire. The probe is then cali-
brated under varying input pulse durations ly manually operating the single
pulse generator and photographing the voirtage wave ferms displayed on the
oscilloscope screen. Typical calibration parameters arc: input pulse
duration of 1, 5, and 104 sec, solution depths of 0.047, 0.072, and 0,125 in.
and an input pulse voltage of 0.1 volt. Thus, for cach probe a Lotal of
nine runs are obtained. A typical record of thesc wave forms is shown in
Ng. 7, the lower trace refers to the generator output voltage and the

upper w.race L the probe output voliare.

#{ter calibration the probve is washed with distilled water to

remove remaining traces of salt.

The »robe resistance is calculated from data derived from the photo-
praphic records. To facilitate data reduction, the oscilloscope photo-
graphs are enlarged to a convenient size, about five times maynification.

The probe resistance is calculated from the result (derived laver) that

v () A o -
o rv () al)-r v (1) AO(TI) )
: C v o - ' B v { » - ‘ -
7o(%y) [Ai('cz) 110(12)j To8t) A () =4 (1))
where e nrobe rusistance in JHuli scelition

r = tixed resistance in colivration circuit

v (11), V(1) = probe voltage at an artitrarily chosen tine

1, resnectively

12 2
i

41k where i..o(T) - ‘\ '\Jo(t) dt
Yo
".1

an+ Ai(i) - i Vi(t) dt,
- 0

‘v'i( t.) = tre penerator volta, ¢ curve.

The nrcrssary time, vellape, and area values are obtained fror an
cscillogecone recow! enlargemeit, areas teiny meac red br a planimeter.
T 1a A are then rrepaved ant arranged for dijrital computer procecsing:

an: comr.taion.  The computer has heen jrogsrated Lo calcilate in adiibtion
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to probe resistarnce, uhc probve capacilance and esovimaived rec.s. eroors L

resistance and capacitance.

Derivation of Squation (1)

Comsider a pair of e¢lectrodes immersed in a wedium ¢f corductivity
7" as illustrated below. The current density J and electric field E
are related by

hj‘

J o=

An external emf maintains a potential V7 across the probe clectrodes;

the series current through the probes and battery is I,

. - ; |
ﬁ !
| Y ?
|,
’ i Ty
A .
- P
b : !
{\\ -
A 3z

oecenduction tip area A chaded

34

Integratiy the above ela*icr ac-oo~

area in the above fifure) yives

— i - ¥

. ? o4r = o ¥. A - I o l‘

] ! i
A ’

prel

where 12 g the prob resistance. Thus

The 1nwegrsl can b readily ¢ valuated by the fellowiny co Bid ration.

Consider a cloved aussian aArea A(} consiotin: of iik coaticnicn arma A

and a section ol the grove L' 5o that AQ = a + a' encurpasses a closed

volume. The area A' lies just inside of tie jrcie  .rtace alon ‘e

cylinarical «is. Thus, from .auss' law, in uhe ascence < “he conduae Ling:

mediun,
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where C is the probe capacity. Then

”

e = e =
B - (Tedke  jEedl- Bk
A A A

i
J
A t

G
Since E = 0 across A', i.c. the electrostatic field inside & conductor

vanishes we have -

-

r
R )
) h'dA - e———
A ‘o
The intcgrals, } T dA appearing in Eas. (3) and (L) are identical,
A
siner the field E  is derivable in both cases from a scalar potential ' ,
where

VQ')"}' =0,

with identical bounuary conditions in both civuations. Hence

{3

2
C

o m

Thus, for a gfiven probe pgeometry and counfijuration one lias
7= /p = const.

ar.l, if . , fe vefer te calibration values, then

o

Derivation of Fgiaticn (2)

The calibration circuitry can he represented schematicually as:
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where H, C represcnt the probe resistancc and capacity,

saeries resistance, ‘Ji is the generator voltage, aund

voltage. One has

Viw Ir e LR = Ir v q,/C

o that
V, = Ir
I -
1 R
and also
12 w [ - J‘l
Difrerentiating eq. (5)
T
-ij;nr-Ci—l:+12=r£d-—I-+I_Il
dt at = T at " T~ 7T
. .
E.ii = r iI- + I 1 Vi " Ir
dt at T~ C T 1
Hence
MG ea, gy
dat = RC dt RC
Now
V =V, - Ir
[o] 1
so trat
V, -V
I - i 0
r
ard
dVi v dVi dVo Jer
T ATl -r A
or
v, . av
B e T R L
KC RrC’ "1 dt RrC’ o

ye

v
(¢}

)

is the fixed
is the probe

(5)



Thus

oo (e

T e’

Integrating from t =90 to t =~n

T T
.
1 . v (1) Rary |
= ‘Jidt VO(T) - vo(o) . (ch | Vo dat o
o o
Define
;T
Ai('c) - Vv, dt
e}
T
Afx) = j v, dt
(o]
i se b = .
and set 0(O) 0
Then
1 Ker
= Ai(T) - VO(T) + (ch) Ao(1)
N Ai('t) = Rr( Vo('t) + (R+r) /\0(1} .
Hence

N pof - "‘; - \
ila ) = a ()] - ()

- = C
Rr Vo('r.f
“valuating the left hand side at 1 = Ty and T
o ! | !
! -k < ! =T R AL - -
it LAi(Tl) “o(‘l)l Ao(Tl) _ R 151\12) Ao(xg) r A°(12)
V(')Gl7 "10(127

Solving for &

r VO(Tl)AO(Tz) - T V0(12)A°(11)

it =

‘ - u ) . ( 1




Using this value for R, one can solve for C

R [ﬁ (Tl) - Ao(Tl)? - Ao(Tl)
Rr Vo(xl)

C =

In addition, one can ascertain the root mcan square error in it and
€ due to errors in the measurcd gquantities, r, VO(Tl) , ete., as follows.
The error in R due to an error in any of the measured values can be written
as

LR.AI-

ARI I

i?

R

<
AR2 ; —W AVO('tl) , etc,

Thus one gcnerates the following error terms for R

dity = R —Af-
! \

- Ao(xP) \r+R) - Ai(12)R ot )
2 D o1
. R Ai(Tl) - Ao(xl) {Rer | b ()

3 D ‘ot o
(TR VY (1))
iy = —r 2 1 sk (1,)
/I‘+R\; v {1 )
ML; - o _.__’T)_o_._2__ Mo(rll)
kv (x,)
. g 1 .
Ané R T AAik12)
RV (<,)

o 2
bR, = —5— A (1))

vhere

- .- ; ! vr - [ \
Do (ng) AT =B () - T () THCH IR

|
Z 1){

Likewise ome has for the error terms in C
-
aC. = < Ai(Tl) - Ao("'l) Aoly) AT

+ —y —
1 v
r 0(117 R '0“17 r
{ |




o, Aal) Al () - aytey) 2] o oo
R vo(,:l) o'l

A (1) RA(xy) = A (1,) (Rer)
AC. = = o' 1 i*"1 o'l ¢ AV (x.)
RZVO('cl) ; 02

‘O(Tl) 70(12)’]
|

AC, = l - AL ()
L gf‘ Vo T K vohl’ i VR
A (x.)
4Gy = ‘%‘D‘L a4, (1,)
[A (%)) (r+B) ¥ (v,)
o' 1l o' 2 Re+r
ACg = B2 DV (<) IS AACY! BA () .
o' 1 -
A (1) (r+R) V_(1,)
AC., = = —2 ° 1 s (x,)
7 szo(-‘_l) Ab_ o' 2

The fundamental errors are estimated as follows. Ar 1is & mamufacturers
specified accuracy of 0.5%.: 4V is an estimate of the accuracy with which
the voltage pulse height can e read; typically AV/V is of the order of
5%. OA represents the repeatability of a planimeter area reading for a
given area; typically BA/A is of the order of 5%. The rcot mean square
errors in R and C are obtained from

7
(8R)? =2 5 (ary)?
i=1
. 7
2 1 v 2
(sC) ~5 , (acy)
i=1

For each set of probe calibration data, values of Ar, AVO(':l) , etc.,
obtained from error estimates of the measwred quantities r, 'v'o(-cl), etc.
are provided. The final result from the computer is thus a calculation of
R, C, and the r.m.s. errors in R and C. A summary of results of this
calibration procedure for the probes calibrated to date will be presented
in a later report.




Tabulation of NaCl Solution Conductivity

The conductivity of a standard salt solution (an excess of NaCl
in distilled water, about L50 grams per liter)*

(ohm cm}'l Temp . SOCZ

0.1345 0
0.1555 5

0.1779 ) 10

0.201) 15

0.2062 <16

0.2111 17

0.2160 18

0.2209 19

0.2259 20

0.2305 21

0.2360 22

0.2l11 23

0.2462 2

0.2513 25

| 042565 ' 26
0.2616 27

0.2669 28

. 0.2721 29
0.277h 30

*alues taken from "Handbook of Chemistry and Physics"
38th Edition, 1956-1957
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